is to monitor the health of the growing number of Americans living with HIV infection who receive HIV treatment. Although seemingly simple, such monitoring is actually a substantial epidemiologic challenge because of the complexity of the U.S. health care system.
Many of the studies that have reported trends in the clinical outcomes of persons receiving HIV care (6 -12) have been limited to discrete populations, and their findings have not been generalizable to all HIV-infected Americans. Two projects have been specifically designed to be nationally representative. The HCSUS (HIV Cost and Services Utilization Study) (13, 14) enrolled a national probability sample of HIV-infected adults receiving care from 1996 to 1998. Although useful a decade ago, data from this population no longer reflect the substantial improvements in HIV care in the past 14 years. The Medical Monitoring Project is an ongoing CDC-sponsored, multisite, supplemental national surveillance project designed to capture contemporary data about behaviors, medical care, and health status of HIV-infected adults in the United States through annual cross-sectional surveys (15). Data are compiled from the medical records of persons in care, who are selected through a 3-stage probability sampling scheme designed to produce a representative sample. Participants in the Medical Monitoring Project are not followed longitudinally, which limits its capacity to evaluate such associations as those between treatment and clinical outcomes, including survival. Conversely, even very large longitudinal cohort studies are not perfectly representative. Neither lon-
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Original Research gitudinal cohort studies nor cross-sectional probability surveys alone can provide the most complete and accurate picture of HIV-infected persons in care; however, by addressing limitations of the other, together they provide highly useful, complementary information.
The NA-ACCORD (North American AIDS Cohort Collaboration on Research and Design) is the continent's largest collaboration of longitudinal HIV cohort studies and has compiled clinical data from more than 100 clinical sites in the United States and Canada since 2005 (16) . In this analysis, we assessed the extent to which attributes of persons receiving HIV care in an NA-ACCORD-participating U.S. clinical cohort are similar to those of persons living with HIV in the United States (PLWH-US) who are reported to the CDC's HIV/AIDS Reporting System (HARS). We then examined the following illustrative and linked health outcomes among HIVinfected persons in care: trends in prescribed antiretroviral therapy (ART), HIV RNA plasma viral load (HIV VL), and CD4 T-lymphocyte (CD4) cell count at death. Our objective was to investigate the utility of NA-ACCORD for monitoring the U.S. HIV epidemic and for informing the progress made toward achieving the targets of the National HIV/AIDS Strategy.
METHODS

Study Design and Population
The NA-ACCORD is a multisite collaboration of interval-and clinic-based cohort studies of HIV-infected persons receiving care in the United States and Canada (17) . It is one of the regional cohort studies sponsored by the International Epidemiologic Databases to Evaluate AIDS consortium of the National Institutes of Health. Details on the NA-ACCORD collaboration and participating cohort studies have been published elsewhere (16) . Each contributing cohort has developed standardized, cohortspecific methods of data collection. At scheduled intervals, these cohorts submit data about enrolled participants' demographic characteristics; dates of prescribed antiretroviral medications; dates and results of laboratory tests, including HIV VL and CD4 cell count; dates of clinical diagnoses; and vital status. These data are securely transferred to the NA-ACCORD's central data-management core, where they undergo quality control for completeness and accuracy before they are combined into harmonized data files. Quality control includes measures to reduce the probability that a person was participating in more than 1 clinical cohort. The human subjects activities of the NA-ACCORD and of each of the participating cohort studies have been reviewed and approved by their respective institutional review boards.
We compared the characteristics of NA-ACCORD participants with those of PLWH-US reported to HARS from 2000 to 2008, the latest year for which complete data for NA-ACCORD participants and PLWH-US were available (18). Estimates for PLWH-US were based on data reported to the CDC from a subset of 40 states where confidential, name-based HIV surveillance systems were well-established; these estimates were adjusted for reporting delays in diagnoses and deaths as well as for missing risk factors. The remaining 10 states (California, Delaware, Hawaii, Maryland, Massachusetts, Montana, Oregon, Rhode Island, Vermont, and Washington) and the District of Columbia have surveillance systems that report HIV infections to the CDC but had not been reporting long enough to calculate stable adjusted estimates. Surveillance data were deidentified by the states before transmission to the CDC. Persons reported to surveillance systems were not necessarily receiving clinical care.
Inclusion and Exclusion Criteria
Data were combined from contributing U.S. clinicbased cohort studies of HIV-infected adults (aged Ն18 years) who received care from 1 January 2000 to 31 December 2008. Persons with 1 or more HIV VL or CD4 cell count measurements in any calendar year during this time were defined as "in care" for that year and included in our analysis. Interval cohort studies and Canadian cohort studies that participate in NA-ACCORD were excluded from this analysis because of our focus on trends in HIV care in the United States.
CD4 cell count or HIV VL was measured. A regimen was defined as highly active antiretroviral therapy (HAART) if it contained at least 3 drugs, including a protease inhibitor (PI); a nonnucleoside reverse transcriptase inhibitor (NNRTI); an entry inhibitor or integrase inhibitor (new agents); or 3 nucleoside reverse-transcriptase inhibitors, including abacavir or tenofovir. Any other combination of antiretroviral medications was defined as ART. We defined persons as "treatment-naive" if they had no documented history of being prescribed HAART or ART. We defined persons as "off HAART" or "off ART" if they had not been prescribed either therapy during an entire calendar year but had previously been prescribed it. To ensure that we included only persons who successfully initiated HAART, "prescribed HAART" was defined as this therapy having been prescribed for 2 or more months. "Prescribed ART" was defined as this therapy (and no HAART) having been prescribed for 1 or more months during a calendar year to reduce misclassifying treatment-exposed persons into the treatment-naive group. The HAART regimen for a calendar year was defined as the regimen that was prescribed for the largest proportion of the year.
We selected the HIV VL measured closest to 30 June to calculate the mean and median HIV VL at the midpoint of each calendar year. For our analyses, we defined virologic suppression as an HIV VL of 2.7 log 10 copies/mL or less (Յ500 copies/mL); this limit was uniformly imputed for all HIV VL measurements at or below this limit. Results of undetectable HIV VL reported by an assay with a lower limit of detection greater than 2.7 log 10 copies/mL were discarded; these constituted fewer than 1% of all HIV VL measurements during the study period. A participant was considered to have a missing HIV VL measurement if no such measurement was recorded in a calendar year between the first measurement and the last measurement, the participant's death, or 31 December 2008, whichever occurred first.
The CD4 cell count measurement closest to death in the preceding 18 months was defined as the CD4 cell count at death. These counts are reported as ϫ 10 9 cells/L (to convert to cells/mm 3 , multiply by 1000). Contributing cohorts use standardized methods to ascertain deaths through national and regional U.S. death registries.
Covariates
Age was calculated using year of birth. Race and ethnicity was categorized as non-Hispanic black, nonHispanic white, Hispanic, and other or unknown. Risk group for HIV transmission was categorized as MSM, injection drug users (IDUs), heterosexual contact, and other or unknown. Participants who were both MSM and IDUs were categorized as IDUs.
Statistical Analysis
To compare demographic characteristics of PLWH-US with those of NA-ACCORD participants, we used adjusted data reported to HARS from the 40 states with stable, confidential, name-based reporting of HIV infection. Differences in the characteristics of PLWH-US and NA-ACCORD participants were determined by using the chi-square test.
To estimate the percentage of PLWH-US who were NA-ACCORD participants, we divided the number of NA-ACCORD participants who were alive as of 31 December 2008 in the U.S. clinical cohorts by the unadjusted number of adults and adolescents in all 50 states and the District of Columbia who were reported to HARS as living with HIV infection at the end of 2008 (adjusted data for PLWH-US were available for only 40 states, whereas unadjusted data were available for all 50 states and the District of Columbia). This calculation slightly underestimated the proportion of PLWH-US who were NA-ACCORD participants, because the denominator for each state included persons aged 13 to 17 years. Two clinical cohort studies participating in this analysis did not report the participants' state of residence; the state in which the participating clinic of these participants was located was used as an approximation. Another clinical cohort study included in this analysis, the VACS (Veterans Aging Cohort Study), did not report the participants' state of residence or the clinic location and thus was excluded from this part of the analysis.
Among NA-ACCORD participants, the following measures were calculated annually from 2000 to 2008: proportion prescribed antiretroviral medications, proportion with a suppressed HIV VL (Յ2.7 log 10 copies/mL), mean and median log 10 HIV VL, and median CD4 cell count at death. These annual calculations provided a serial cross-sectional evaluation of the trends over time. For all analyses not involving initial regimens among treatmentnaive HAART initiators or death, a person could contribute data to more than 1 calendar year. Statistical comparisons across calendar years were made by using generalized linear models with generalized estimating equations that included an independent working correlation matrix to take repeated measures from individuals into account (an identity link with normal variance was specified for trends in continuous variables and a log link with binomial variance was specified for trends in categorical variables). Because many participants had an HIV VL of 2.7 log 10 copies/mL or less, statistical comparisons across calendar years were made by using random-effects models with leftcensoring (19, 20) that included a random intercept for each person to take repeated measures into account. For analyses of trends in the proportions of initial regimens among treatment-naive HAART initiators and in median CD4 cell count at death, a person could contribute data to only 1 calendar year during the study period; the CochranArmitage and Cuzick tests of trends were used for proportions and medians, respectively. A P value less than 0.05 was used to guide statistical interpretation. Analyses were performed using SAS, version 9.2 (SAS Institute, Cary, North Carolina).
Role of the Funding Source
Funding was provided by the National Institutes of Health; the CDC; the Canadian Institutes of Health Research; the Canadian HIV Trials Network; and the government of British Columbia, Canada. The funding sources had no role in the design or conduct of the study; collection, management, analysis, and interpretation of the data; or preparation or review of the manuscript. This manuscript was reviewed and approved by the CDC before submission for peer review; the findings and conclusions in this report are those of the authors and do not necessarily represent the views of the CDC. Participating investigators and contributors are CDC employees. Employees of the CDC conducted the surveillance data analyses, and the report was reviewed and approved by the CDC.
RESULTS
In the U.S. clinical cohort studies participating in the NA-ACCORD, 45 529 persons had at least 1 CD4 cell count or HIV VL measurement between 1 January 2000 and 31 December 2008 and were therefore included in our analysis; 14 014 were treatment-naive HAART initiators. The Table shows (Table) . The NA-ACCORD had fewer IDUs than PLWH-US (16% vs. 24%); however, risk factors for HIV transmission were difficult to compare because substantially more NA-ACCORD participants than PLWH-US were classified as belonging to the "other or unknown" risk group (12% vs. 1%).
We estimated that 3.1% of NA-ACCORD participants (26 030 Original Research U.S. Trends in ART Use, Viral Load, and CD4 Count in HIV-Infected Persons were male and older than participants in other cohort studies), the trends by sex, race and ethnicity, HIV transmission risk, and age remained similar to our overall results. The annual proportion of participants prescribed HAART increased from 74% in 2000 to 83% in 2008 (P Ͻ 0.001), with concomitant decreases in the percentages of treatment-naive participants (from 15% to 10%; P Ͻ 0.001) and of participants prescribed ART or who were classified as off ART or off HAART (from 11% to 7%; P Ͻ 0.001) (Figure 2, top) . Between 2000 and 2008, most participants were prescribed PI-based HAART regimens (42% in 2008), followed by NNRTI-based regimens (31% in 2008), with little change in this pattern over time (Figure 2, middle) . However, in 2000 nearly equal percentages of treatment-naive participants initiating HAART were prescribed PI-based and NNRTI-based regimens (41% vs. 47%; P ϭ 0.001); by 2008 the percentage of initiators prescribed an NNRTI-based regimen increased to 57% and the percentage initiating PI-based HAART decreased to 37% (P Ͻ 0.001) (Figure 2, bottom) .
As more participants were prescribed HAART, the percentage of these participants with a suppressed HIV VL increased (from 54% in 2000 to 81% in 2008; P Ͻ 0.001), as did the percentage of all participants regardless of treatment status (from 46% in 2000 to 72% in 2008; P Ͻ 0.001) (Figure 3) . Mean HIV VL also decreased among participants prescribed HAART (from 3.4 to 3.0 log 10 copies/mL; P Ͻ 0.001) and among all participants regardless of treatment status (from 3.5 to 3.1 log 10 copies/ mL; P Ͻ 0.001). The median HIV VL remained at 2.7 log 10 copies/mL or less from 2000 to 2008 among participants prescribed HAART and from 2004 to 2008 among all participants regardless of treatment status. However, from 2000 to 2008 mean HIV VL remained essentially unchanged without trend among participants receiving ART (range, 3.6 to 3.7 log 10 copies/mL) and those who were treatment-naive or had stopped receiving HAART or ART (range, 3.7 to 4.1 log 10 copies/mL).
Of 
DISCUSSION
The NA-ACCORD is the largest collaborative study of cohorts of HIV-infected persons receiving clinical care in the United States. We estimate that approximately 3% of PLWH-US are enrolled in clinical cohort studies that participate in the NA-ACCORD and that these NA-ACCORD participants are demographically similar to PLWH-US as reported to the CDC from 40 states with stable HIV infection reporting systems as of 2008. Describing longitudinal trends in HIV treatment and related health outcomes in a population similar to that of PLWH-US demonstrates that use of NA-ACCORD data to fill gaps in existing knowledge, together with national surveillance and cross-sectional surveys, can inform progress toward national HIV goals.
Distributions of age structure, percentage of women, and race and ethnicity were qualitatively similar to PLWH-US; because of the large numbers, even small differences were likely to be statistically significant. However, IDUs are slightly underrepresented in the NA-ACCORD com- Proportions are noted in the horizontal bars if Ͼ1%. P values for the top and middle panels were calculated by using general linear models with generalized estimating equations for repeated measures; for values in the bottom panel, the Cochran-Armitage test of trend was used. ART ϭ antiretroviral therapy; HAART ϭ highly active antiretroviral therapy; NA-ACCORD ϭ North American AIDS Cohort Collaboration on Research and Design; NNRTI ϭ nonnucleoside reverse transcriptase inhibitor; NRTI ϭ nucleoside reverse transcriptase inhibitor; PI ϭ protease inhibitor. Top. ART status among all participants. P for trend Ͻ0.001 for HAART, ART, off ART, and treatment-naive; P for trend ϭ 0.137 for off HAART. Middle. Prescribed HAART, by drug class. P for trend Ͻ0.001 for all groups. Bottom. Prescribed therapy, by drug class, among treatment-naive participants initiating HAART. P for trend Ͻ0.001 for all groups.
Original Research U.S. Trends in ART Use, Viral Load, and CD4 Count in HIV-Infected Persons pared with PLWH-US (a difference of 8 percentage points). Twelve percent of NA-ACCORD participants could not be classified into an HIV transmission risk group; some of these individuals were likely to be IDUs. Trends in HIV VL could be affected by this underrepresentation because IDUs tend to have poorer clinical response to treatment (21-23). The CD4 cell count at death could also be affected because of the increased risk for death at higher CD4 cell counts among IDUs than among other HIV transmission risk groups (24) . Another potential difference to note is the geographic coverage of the NA-ACCORD and adjusted CDC surveillance data. Participants in NA-ACCORD do not live in all 50 states. Adjusted CDC surveillance data for PLWH-US are missing for many states, some of which (such as California) contain large fractions of PLWH-US. According to the cumulative estimated number of AIDS diagnoses, an estimate for which complete and stable national reporting exists, as of 2009 the 40 states for which adjusted data were available represent approximately 75% of AIDS diagnoses in the 50 states and the District of Columbia (18). The CDC will report adjusted data on PLWH-US for all states in its 2011 HIV surveillance report, and our comparison can then be updated accordingly. However, these additional national surveillance data on HIV infection should not meaningfully alter our comparison.
We acknowledge that clinical cohorts in the NA-ACCORD do not include HIV-infected adults who are not receiving HIV clinical care. An estimated 75% of PLWH-US successfully link into HIV care within a year of receiving their HIV diagnosis, and 90% link into HIV care within 3 to 5 years after diagnosis (25) . Although only 45% are estimated to be engaged in regular care (Ն2 visits annually, Ն3 months apart) (26), many patients reengage in care sporadically (25) . Thus, we believe that by virtue of its size and demographic characteristics, the NA-ACCORD provides and will continue to provide the most generalizable cohort data available about the clinical epidemiology of Americans in care for HIV infection. In addition, the NA-ACCORD is especially well-positioned to monitor longitudinal trends in the use of and response to HIV ther- apy, as well as the adoption of HIV-related guidelines and other quality-of-care standards. We note that our estimate of persons receiving any ART in 2007 was 81%, whereas the self-reported estimate was 85% from the 3643 persons included in the 2007 cycle of the Medical Monitoring Project (27) . Although NNRTI-based regimens were consistently the initial therapies of choice from 2000 to 2008, most patients were prescribed PI-based regimens in each of these years. To our knowledge, our findings provide the first publicly available data on national trends in use of ART. These data, in conjunction with those on health outcomes from NA-ACCORD, can be used for clinical and cost-effectiveness modeling to inform improvements in HIV treatment, both now and when future antiretroviral agents become available.
Population-level ecological analyses from San Francisco (28) and British Columbia (29) have reported that decreases in new HIV infections paralleled increases in the fractions of HIV-infected patients in these jurisdictions who were treated and achieved virologic suppression. Our analysis of clinical cohort data demonstrates at a national level that increasing use of HAART is accompanied by decreasing HIV VL in the observed population; such decreases have been shown definitively to reduce the amount of virus in a patient's plasma and genital secretions (30) and substantially reduce individual transmission events and new infections (31) . Data from the NA-ACCORD on HIV viral suppression can inform models of transmission dynamics.
The CD4 cell count is an established and useful barometer of immune status in HIV-infected adults. Many recent reports, including previous ones from the NA-ACCORD, have described trends in CD4 cell counts among HIV-infected persons in care in the United States. They usually focus on CD4 cell counts at the time of HIV diagnosis (32) or at presentation to care (7, (33) (34) (35) (36) or while the patient is receiving treatment (37) (38) (39) (40) . Although change in mortality is the gold standard for assessing the effects of morbidity and quality of care, we are not aware of any surveillance reports or reports from larger U.S. cohort studies that have looked at CD4 cell count at death. At a national level, we have found a steady increase in immune system preservation at death. We can infer from this finding that immune suppression and associated conditions (opportunistic illnesses) are probably contributing less to mortality, as has been observed in smaller U.S. cohort studies (41-45) that have reported a shift in mortality from AIDS-related to non-AIDS-related causes. When we compared deaths in 2000 or 2001 with those in 2007 or 2008 among our study participants, 60% and 53%, respectively, had information about the cause of death. From these limited data, the proportion of deaths with a primary or underlying cause that was not associated with an AIDS- Original Research U.S. Trends in ART Use, Viral Load, and CD4 Count in HIV-Infected Persons defining illness increased from 52% to 58% (P ϭ 0.001). Additional data are being collected for a more comprehensive examination of causes of death in the NA-ACCORD. Our analysis has limitations. First, the NA-ACCORD is limited to adults with HIV infection-adolescent and pediatric information is not available. Second, as a longitudinal cohort study, our observations are obtained from a convenience sample; however, we believe our sample is sufficiently similar in its demographic diversity to the population of PLWH-US and is sufficiently large to adequately represent for monitoring trends. Third, participants were not classified into the multiple transmission risk category of MSM and IDU. All NA-ACCORD participating cohorts contribute a primary single HIV transmission risk category; some cohorts provide additional information on multiple risks for HIV transmission. Participants who are both MSM and IDUs may have been at higher risk for negative health outcomes than those with either risk alone.
Finally, the 3-fold increase in CD4 cell count at death may have been due to a cohort effect. The clinical cohorts contributing to our analyses are dynamic (participants entered and left clinical care during the study period), which reduces the influence of a cohort effect compared with a closed cohort. We observed higher mortality rates among participants with a CD4 cell count less than 0.200 ϫ 10 9 cells/L, regardless of age; however, differences in mortality rates by CD4 count stratum increased with age (data not shown) (Appendix 2, available at www.annals.org). Thus, the increase in CD4 cell count at death that we observed was probably not due to participants with lower CD4 cell counts dying at younger ages and thereby enriching the remaining cohort with survivors who had higher counts. Appendix 2 presents additional data.
Our study's strengths include the low cost of monitoring trends in HIV treatment and related outcomes in the NA-ACCORD. Participation in this cohort requires no new data collection (only standardized collation of existing data), which lowers the operating cost of the study, speeds dissemination of summary data to within 1 to 4 years after collection of the primary data, and reduces barriers to participation by other cohorts. Cohorts of HIV-infected adults can join the NA-ACCORD at any time, and membership continues to grow. Having more participants will probably increase the generalizability of our collaborative findings. The characteristics of NA-ACCORD participants and PLWH-US will continue to be monitored, and methods will be used as needed to improve the generalizability of findings to specified target populations (46) . Although cross-sectional probability surveys are designed to produce a representative sample, differential nonparticipation requires statistical correction and greater operating expense and longitudinal data are not available to monitor trends. We believe that longitudinal cohort studies and crosssectional probability surveys provide complementary information and that both are necessary to fully characterize the U.S. HIV epidemic and inform public health action to optimize the morbidity and mortality of Americans living with HIV infection.
In summary, the NA-ACCORD is uniquely positioned to provide timely longitudinal data on the clinical epidemiology and health of adults living with HIV infection in the United States. To our knowledge, our analysis is the first to provide data about national trends in antiretroviral prescription. We show that from 2000 to 2008, the percentage of U.S. participants in clinical care who were prescribed HAART increased, as did the percentage of all patients who achieved a suppressed HIV VL. Simultaneously, the median CD4 cell count at death increased by 0.149 ϫ 10 9 cells/L to greater than 0.200 ϫ 10 9 cells/L. New cohort studies continue to join the NA-ACCORD. We expect their addition to increase the similarity of NA-ACCORD participants to a national probability sample of persons living with HIV infection, and that this collaboration will remain an important means of monitoring trends that document efforts to improve health outcomes for these persons, as articulated in the National HIV/AIDS Strategy (5). Disclaimer: Dr. Althoff and Mr. Zhang had full access to all of the NA-ACCORD data in the study; they take responsibility for the integrity of the data and the accuracy of the data analysis. Drs. Buchacz and Hall had full access to the HARS data in the study; they take responsibility for the integrity of the data and the accuracy of the data analysis. The findings and conclusions in this report are those of the authors and do not necessarily represent the views of the CDC. trict of Columbia to conduct HIV surveillance and provides technical assistance to all funded areas. Participating investigators and contributors are CDC employees. Employees of the CDC conducted the surveillance data analyses, and the report was reviewed and approved by the CDC. 
